Abstract. Focus on the hygrothermal environment problems of CF3031/CCF300 stiffened composite panel, the stiffened composite panel absorption were studied on in the 85%RH, 70℃ hygrothermal environment, the moisture equilibrium content of the composites were calculated. The shear test were carried on after hygrothermal aging, observed the change of the strain, and draw the conclusion of the flexural load and the breaking load, contrasted with the panel of before hygrothemal aging. The results show that the shear strength was correlated with glass transition temperature, and the rate of remained flexural load was about 85% and the rate of remained breaking load was about 75% after hygrothemal aging.
Introduction
Composites, owing to their inherently high specific mechanical properties, are widely used as primary structures in many areas such as aerospace, sport equipment, pressure vessels and automobile parts. Structures used in the above fields are more often exposed to high temperature as well as moisture. Environmental conditions due to moisture absorption and temperature seem to have a significant effect on the stiffness and strength of the structural composites. So it is necessary to study on the hygrothermal aging during the service life of composites.
In recent years, considerable amount of work on the stability behavior of laminated composite plates subjected to thermal moisture absorption or mechanical loadings has been carried out by many researchers [1] [2] [3] [4] . Moreover, the increase in moisture and temperature reduces the elastic modulus of the material and a considerable transient stresses are induced; consequently the durability as well as the safety of the structures are affected [5] [6] [7] [8] .
In this way, various studies have shown the combined effect of the moisture and temperature on composite tensile strength and modulus. Almen et al. [9] presented the study of CFRP woven composite degradation properties in hot/wet environments. Shen and Springer [10] established a study on moisture related degradations in tensile strength and stiffness of 0° and 45° carbon/epoxy composites to be independent of temperature. The research of Guo Li-mei et al. [11] have indicated that the main ageing mechanisms of those composites are plasticization effect of water absorbed on the matrix and micro-cracking due to the stress resulting from the mismatch of the moisture expansions between the matrix and carbon fibers. Liu Jian-dong et al. [12] have studied on the mechanics of T300/5405 composite. They indicated that the mechanics had declined after hygrothermal aging.
In this paper, the absorbed behavior of stiffened composite panel in hygrothermal environment had been studied. Then we conducted same tests on the panels which were absorbed equilibration, and the hygrothermal environment effect on shear strength of stiffened composite panel had been studied.
Tests
Test specimen materials. In this paper, the materials of experiment are CCF300/5428. Each of the thickness of lamina is 0.125mm. The stiffener of the composite is in appearance. And they are connected with skin. The size of construction specimens is 550mm*550mm*2.75mm. The material properties of CCF300/5428 are shown in Table 1 Put the construction specimen into oven to dry in 70℃, and make the specimen be oven-dry equilibrium (the mass lost is less than 0.02%). Then record the oven-dry specimens mass as the baseline mass and place the specimens pretreated in conditioning chamber to carry on the hygrothermal aging test.
The apparatus of conditioning chamber is GDJS-1000 which can carry on the alternating temperature between high and low temperature in moisture condition. The main parameters are -20~150℃/30%~98%RH, temperature fluctuation is ±0.5℃, furthermore the moisture fluctuation is +2~-3%RH. The test environment is 70℃/85%RH.
During the hygrothermal test, the mass of specimens should be recorded every day. The test method conform to ASTM D 5229/D 5229M-92(04) standard (standard test method for moisture absorption properties and equilibrium conditioning of polymer matrix composite materials). The specimens are divided into 3 groups. Estimate the absorption level through measuring the mass of traveler coupon. The calculate method is shown as follows:
W is the mass of oven-dry traveler coupon (g); i W is current traveler coupon mass.
Shear test. Fig.1 position of strain gauges The apparatus of shear test is YAW-5000F. The test method conform to HB7237 standard. Before testing, the specimens should be detection and record the surface imperfection. Then strain gauges are sticked to the each specimen. The position of strain gauges is shown in Fig.1 . Meanwhile, debug the strain measurement and loading device. Then set up the specimen on the shear test apparatus. After that, according to the scheduled loader to increase load. During the shear test, record the strain under per load level and obtain the strain distribution and strain-load curves.
Test results and discussion

Moisture absorption analysis.
Moisture content of the specimens can be calculated by Eq. 1and the absorption curves are shown in Fig. 2. Form Fig.2 we can divided the curves into 2 parts, linearity increase part and moisture equilibrium part.
The material absorption behaves according to Fick's low:
Where: c = specimen moisture concentration, 
Where:
h =average specimen thickness, mm ; M ∞ = effective moisture equilibrium content, %. 
From Eq. (4), the curves between moisture content t M and time t can be drown, which is shown in Fig.2. From Fig.2 , we can conclude that: moisture content t M change linearity with time t increasing at the absorption initial stage. However, the speed of moisture absorption become slower and slower at the absorption later stage. At last, the moisture content tend to equilibration.
In order to contrast the test date and Fick law, the absorption curves of test and Fick law are drown in the same figure which is shown in Fig. 2 .
Fig.2 Moisture absorption curves of experiments and analysis
From the figure, we can conclude that the moisture absorption curves of test and analysis are fitted better at the initial stage. That is to say, test data obey to Fick's law. The moisture content is proportional to square of aging time; however, after long-term of moisture absorption, the increase of moisture content becomes slower. At this stage there are some different form the moisture absorption curves of test and analysis. Furthermore, the moisture content tends to a stable value which is moisture equilibrium content of composite in the hygrothermal environment (from the standard of ASTM D 5229, when 1 0.01%
, the moisture absorption is equilibrium). When the aging time is about t1/2=7, the moisture content is equilibrium.
The The shear carrying capacity of stiffened composite panel before and after hygrothermal aging is obtained from the test. In order to analysis the change of different positions' strain in the loading progress, both hygrothermal aging specimen'(A-1) and non-hygrothermal aging specimen'(B-1) force-strain curves are drown. Those are shown in Fig.3 and Fig.4 . From those figures, we can conclude that the strain curves have an inflection-point when the load up to 350KN for hygrothermal aging specimen, that is to say buckling has occurred at this load level. However, the buckling load is 450KN for non-hygrothermal aging specimen. And the breaking load is 570KN and 750KN for hygrothermal and non-hygrothermal aging specimen respectively. The bucking load is 61.4% of the breaking load for hygrothermal aging specimen and the bucking load is 60% of the breaking load for non-hygrothermal aging specimen. So after the specimen buckling, they still have great carrying capacity.
The shear carrying capacity of hygrothermal aging specimen and non-hygrothermal aging specimen are shown in Tab. Tab.2 shows that the average of buckling load is 442KN for non-hygrothermal aging specimen, and the average of breaking load is 764KN. However, the average of buckling load is 360KN for hygrothermal aging specimen, and the average of breaking load is 558KN. The average of buckling load and the average of breaking load for hygrothermal aging specimen are lower than non-hygrothermal aging specimen. That is to say, after hygrothermal aging, the shear strength is reduced.
Shearing test date contrast between before and after hygrothemal aging is shown in Fig.5 . Fig.5 shearing test date contrast between before and after hygrothemal aging Fig.5 shows that, both the buckling load and the breaking load are declined after hygrothermal aging. The buckling load and breaking load retention rate is 81.4% and 73% respectively.
The form of breaking after shear test is brittle failure. When the specimens broke, the surface of skin is cracking. Furthermore, the joint of stiffener and the skin is debonding. The stiffener is destroyed. The breaking form is shown in Fig.6 . The hygrothermal aging process of fiber reinforced resin matrix composites is a joint action of temperature and moisture and stress. The degradation mechanism is acted on fiber and matrix and interface, at the same time, physics-chemistry changes are caused because of hygrothermal aging. In the moisture absorption process, the swelling stress will be emerged in the interior of structure. Furthermore, the swelling stress will increase bigger at the thermal impacting. When the swelling stress achieves to a certain value because of the interior stress increasing repeatedly, the cracks will be emerged. Consequently, the mechanical property of composites will be affected.
Because of the existence of influence on fiber and matrix and interface after hygrothermal aging, the strength between the layers and the breaking stress and stiffness under compression are degraded. Thereby, the buckling load and shear carrying capacity are degraded.
Conclusions
After about 60 day's hygrothermal aging process under 70℃/85%RH environment, the stiffened composite panels are up to moisture absorption equilibration. And the equilibration moisture content is about 0.9%.
The bucking load is 64.5% of the breaking load for hygrothermal aging specimen and the bucking load is 57.8% of the breaking load for non-hygrothermal aging specimen.
Both the buckling load and the breaking load are declined after hygrothermal aging. The buckling load and breaking load retention rate is 81.4% and 73% respectively.
